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Unprecedented Growth for 
Analog GaAs ICs 
by Roy Szweda 
As we noted in the previous article in this series, unlike digital, the analog GaAs IC industry is 
doing very well. It is currently "enjoying unprecedented growth worldwide" according to the 
just published definitive strategic study of the industry ,"GaAs Electronics Materials and 
Devices", produced in association with III-Vs Review. The underlying drivers for this demand 
are high performance microwave systems and, in particular, booming RF markets in wireless 
communications and consumer electronics, says the report's author, Simon Lande of Magus 
Research. However, the business is fiercely competitive and GaAs does not have it all to 
itself - silicon continues to pose strong challenges. 
A key advantage of GaAs over 
silicon as a material for fabri- 
cating analog devices, is the 
semi-insulating (SI) property of GaAs 
substrates which enables parasitic 
lumped elements - such as induc- 
tors, capacitors and resistors - to bc 
integrated with active devices. This 
leads to the monolithic microwave IC 
(MMIC). 
As a generic type, MM1Cs include 
all analog and linear GaAs ICs. We 
should not forget, however, that 
discrete GaAs FETs and HEMTs (here- 
after generically referred to as GaAs 
FETs) continue to be shipped in high 
volume. 
"Discrctes", says Landc, "Are likely 
to remain the technology of choice 
where performance needs to be 
optimised, such as very low noise 
front ends, or in high power applica- 
tions. In some situations discretes 
provide more flexibility than MMICs 
and arc often preferred by OEMs for 
distinguishing product lines. Cur- 
rently, the largest volume markets 
for discretes are power amplifier 
modules for mobile phones, HEMTs 
for DBS, small signal FETs for con- 
sumer electronics, and a wide range 
of general purpose amplifier func- 
tions. 
"The largest markets for MMICs are 
also in consumer  e lec t ron ics ,  
although wireless communications 
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is the fastest growing sector of the 
industry." 
Defence  to Of fence 
The key" trend in the analog GaAs 
industry, is the emergence of MMICs 
from dependency primarily on mili- 
ta R" markets, to high volume corn- 
mercial  appl icat ions generat ing 
production runs of millions of units 
per year. This is the result of a major 
worldwide effort aimed at making 
MMICs sufficiently- cost-effective and 
reliable ff)r consumer markets. 
Much of the growth in the MMIC 
market has been at the expense of 
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Table 1 Communications Applications for GaAs Analog Devices 
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Mobile Satellite Systems WANs 
Fixed Satellite Systems Local Loop 
Wireless Data 
Communications 
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WANs 
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discrete GaAs FETs, which are in- 
creasingly being replaced by inte- 
g ra ted  so lu t ions  in many 
applications. However, discrete GaAs 
is not standing still: it continues to 
develop steadily (in both GaAs and 
silicon) providing stiff competition to 
MMIC suppliers. The advantages that 
MMICs can provide over discretes 
primarily address three factors: 
• decreased size, 
• lower manufacturing costs, 
• better performance. 
When space is at a premium, 
MMICs typically emerge as the fa- 
voured solution. However it should 
be noted that the main size compo- 
nent in transceivers is the filter, 
which can take up several hundred 
times as much area as the active 
circuitry incorporated in the MMIC. 
On cost and performance, there are 
many trade-offs and the choice of 
technology is often very finely ba- 
lanced. For example, in mobile com- 
munications, where there is much 
uncertainty over markets and stan- 
dards, discretes are often favoured 
for first generation handsets as they 
offer considerably more flexibility 
than MMICs, enabling manufacturers 
to adapt more readily to rapidly 
changing market conditions. 
Furthermore, although MMICs can 
simplify design, the development 
costs are high, depending on the 
user's design experience and the 
foundry library available. The benefits 
of MMICs are only realised when 
these costs are spread out over high 
production volumes. 
Chip mounting, packaging, and 
testing, are necessary for both MMICs 
and discretes, and costs depend on 
how much automatic handling is 
installed. For MMICs, on wafer func. 
tional testing allows for practically all 
tests and measurements o be per- 
formed before dicing. For small chips, 
where the die count per wafer is 
large, this results in considerable 
savings of time and costs. 
A MMIC solution is often a com- 
promise on performance. Due to 
their small size, transmission lines 
are narrower in MMICs than in 
hybrid FETs, and this can degrade 
performance. Some types of passive 
components are cheaper, and per- 
form better, when implemented on 
ceramic substrates. Consequently, 
where optimal performance is re- 
quired, such as ultra low noise or 
very high power, discretes are stiU 
favoured. Whereas hybrid circuits 
can be tuned or tweaked for optimal 
performance, MMICs cannot and so 
must be produced to exactly the 
right specifications. 
Epi vs. Implant 
Mainstream MMIC fabrication is cur- 
rently based on 0.5~m ion implanted 
MESFETs. In competing with dis- 
cretes they face fully optimised 
0.25gm MESFETs on epitaxy, or het- 
erojunction devices such as 0.25gm 
pHEMTs. Advanced MMIC processes 
are making progress, but yields are 
some way behind discrete processes, 
which have been in high volume 
production for many years. 
Fragmented 
Marketplace 
According to the report, in 1995, the 
world analog GaAs market - dis- 
cretes and MMICs - reached $600 
million, with discrete FETs account- 
ing for just over a half. By 2000 the 
market is forecast o exceed $1.2 bil- 
lion and the discrete share of the 
total market is expected to fall to 
34% due to increasing penetration of 
MMICs. 
Applications are very diversified 
and fragmented, ranging from low 
volume, high priced, parts for military 
and space systems, to high volume RF 
devices for commercial and consu- 
mer electronic applications, where 
pricing pressures are intense. Com- 
munications systems provide the 
strongest  driving force for the 
growth of the analog GaAs industry. 
The main application sectors for 
GaAs analog devices are summarised 
in Table 1. 
"Wireless communications i the 
fastest growing sector of the market," 
says Lande "Especially for MMICs 
over the past year. At present, most 
of the high volume applications 
operate within the 900 MHz - 3 
GHz bands, and silicon provides stiff 
competition. As operating frequen- 
cies move up the spectrum, and the 
drive towards further integration 
continues, this will favour GaAs 
technology. 
"BiCMOS is a strong competitor, 
with SiGe a threat in the longer term, 
although both are likely to be more 
expensive than GaAs. The key advan- 
tages of GaAs include high function- 
ality, mixed signal capability and high 
efficiency at low voltage operation". 
Competition 
There are over 40 companies world- 
wide producing GaAs devices, in 
addition to numerous fabless design 
houses, and so competition is strong. 
Furthermore, most of the world's 
major GaAs MMIC manufacturers 
are vertically integrated to some 
extent, and are targeting the open 
market to maximise the use of their 
facilities, making for an extremely 
competitive merchant environment. 
Although discretes are experien- 
cing increasing competit ion from 
rapidly maturing MMIC technology, 
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they continue to be widely used and 
the market is expected to show 
steady growth. Continued areas of 
dominance for FETs over MMICs 
include HEMT front-ends and high 
power appfications. 
Captive product ion is a major 
feature of the FET markets, especially 
in Japan at consumer electronics and 
communications companies. The ma- 
jor merchant markets include power 
FETs for mobile telephones, and 
HEMTs for DBS-TV. The merchant 
market is expected to further in- 
crease as a percentage of the total as 
the number of companies producing 
FETs in-house decreases. 
North America is the largest mer- 
chant market for CmAs discrete FETs, 
with Japan's market dominated by 
captive production. Demand from 
North America is expected to slightly 
increase as a percentage of the total 
over the next five years. 
The USA and Europe provide the 
largest military and space markets for 
FETs. Demand for consumer electro- 
nics applications is currently domi- 
nated by Europe and Japan, but is 
merg ing  strongly in the USK 
Applications arising from the com- 
munications industry are very strong 
in all three main geographical re- 
gions. 
Next issue we will return for a 
closer look at MMICs. 
Contacts  
In addition to giving a comprehen- 
sive quantitiative world overview and 
forecast of the markets,, technologies 
and applications of analog GaAs dis- 
cretes and MMICs, the report profiles 
all the merchant and captive compo- 
nent manufacturers worldwide. 
The second edition of the report: 
"GaAs Hectronics Materials and De- 
vices - Strategic Study of Markets, 
Technologies and Companies World- 
wide" is available now priced £1295/  
US$2072 (ISBN l 85617 297 X), for 
further information, or a free copy of 
the prospectus, #ease contact: Jer- 
emy Green, Elsevier Advanced Tech- 
nology, PO Box 150, Kidlington, 
Oxford OX5 IAS UK. Tel: [44] 
(0)1865 843823. fax; [44] (0)1865 
843971. Email: j.green(a~elsevier.- 
co.uk 
of M IMIC  - The US MAFIET Program 
Military funding has been essential to the development of GaAs MMIC 
technology. The dominant position of the USA's MMIC industry is directly 
attributable to the US DoD's 7-year, $577 million, MIMIC Program which has 
now been completed. DARPA launched the follow-on MAFET (Microwave 
and Analog Front-End Technology) Program which focuses on the develop- 
ment of the technologies and capabilities needed to produce the RF systems 
and upgrades of the future, and provide US leadership in the world 
microwave and mmwave market. The program has four objectives: 
• To drive down system front-end costs. 
• To increase system front-end capabilities. 
• To enhance system portability. 
• To upgrade reliability and reduce lee cycle costs. 
To accomplish these objectives, the program is focusing on the following 
tasks: 
• Reduce the cost and time for designing MMICs, other components, 
interconnections, subsystems, and systems. 
• Con "tmuously improve the infrastructure stablished under the MIMIC 
program, including establishment of the capabilities to rapidly and 
inexpensively manufacture and assemble microwave/mmwave products 
for a wide range of applications. 
• Develop increased circuit functionality within a given MMIC chip area. 
• Develop new circuits, related components, and methods for interconnec- 
tion and housing these elements to establish a se l f -sust~ng,  economically 
competitive US base of MMIC and subsystem product suppliers. 
The MAFET program will include three major thrust areas: 
• Develolmlent of a comprehensive, versatile, environment for the low cost, 
rapid design of the RF portions of systems that incorporate MMICs and 
related components to assure first pass design success. 
• The development, manufacture, and assembly of necessary semiconductor 
materials, MMICs, related passive components and interconnections of,and 
enclosures for, the components of the needed microwave and mmwave 
frequency subsystems. 
• A series of  demonstrations that will provide proof that the effective use of a 
comprehensive design environment, coupled with robust processing, and 
efficient manufacturing and assembly of MMIC produces is the best 
approach for achieving low cost, high performance, microwave and 
mmwave components for system applications such as radar, smart 
weapons, ECM, secure communications, and accurate combat ID. 
Table 2 Camtmctors on MAFET'$ Thrust 2 
Cascade Microtech 
EMS Technologies 
Hittite Microwave Corp. 
ITT Avionics 
Lockheed Martin 
M/A-COM 
Northrop Grumman 
Raytheon/Texas Instruments JV 
Texas Instruments 
TRW 
Westinghouse 
Next generation millimetrewave probes 
Development of miniaturized ferrite circulators 
Large-scale integration of MMICs 
Low cost common MMiC components for EW 
transmitter arrays 
50W plastic HDI Module 
Mmwave InP HEMT MMICs 
High-Indium low-cost FET materials on GaAs 
for MMfCs 
Mmwave load-pull test station 
Known-good die intelligent est station 
The Independent Merchant MCA Foundry 
for DoD apps 
MMIC design 
Technologies for wideband integrated apertures 
and ground based AESAs 
Enhancement of a source for MCAs and MMICs 
Comprehensive millimeterwave effort 
HPT HBA MMICs for microwave and 
millimeterwave applications 
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